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ABSTRACT 

NeW photoresists for use during the production of semicon 
ductor and MEMS devices are provided. The primer layer 
preferably comprises a silane dissolved or dispersed in a 
solvent system. The photoresist layer includes copolymers 
prepared from styrene, acrylonitrile, and epoxy-containing 
monomers. The photoresist layer comprises a photoacid 
generator, and is preferably negative-acting. 
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NEGATIVE PHOTORESIST FOR SILICON KOH 
ETCH WITHOUT SILICON NITRIDE 

BACKGROUND OF THE INVENTION 

[0001] 1. Related Applications 

[0002] This applications claims the priority bene?t of US. 
Patent Application No. 60/7l5,964, ?led Sep. 9, 2005, 
entitled NEGATIVE PHOTORESIST FOR SILICON KOH 
ETCH WITHOUT SILICON NITRIDE, incorporated by 
reference herein. 

[0003] 2. Field of the Invention 

[0004] The present invention is concerned With neW pho 
toresists for use in the manufacture of microelectronic 
devices such as those used in microelectromechanical sys 

tems (MEMS). 

[0005] 3. Description of the Prior Art 

[0006] It is common in silicon etching processes to utiliZe 
a thin (100- to 300-nm) silicon nitride or silicon dioxide 
coating on the silicon substrate as a mask for patterned 
etching or as a passivating layer to enclose active circuitry. 
In the prior art, etch protective coatings or masks for MEMS 
fabrication processes have been selected primarily by using 
a trial-and-error method because there are no general pur 

pose protective coatings on the market. The etch selectivity 
of the etchants to various materials is often used as a guide 
for MEMS process engineers. With a much loWer etch rate 
than silicon, ?lms of silicon nitride have been used as a 
protective layer or hardmask during KOH or TMAH bulk 
silicon etching. Silicon dioxide has a higher etch rate than 
silicon nitride, Therefore, it is only used as a protective/mask 
layer for very short etches. Gold (Au), chromium (Cr), and 
boron (B) have also been reportedly used in some situations. 
Non-pattemed, hard-baked photoresists have been used as 
masks, but they are readily etched in alkaline solutions. 
Polymethyl methacrylate Was also evaluated as an etch mask 

for KOH. HoWever, because of saponi?cation of the ester 
group, the masking time of this polymer Was found to 
decrease sharply from 165 minutes at 60° C. to 15 minutes 
at 900 C. 

[0007] Regardless of the protective coating or mask 
selected, a photoresist layer to be patterned must be applied 
to the protective coating or mask so that the pattern can be 
transferred to the underlying substrate. HoWever, this can 
only be carried out after the protective coating or mask has 
been applied, thus requiring time and expense to apply and 
later etch this protective layer or mask, Which is very 
dif?cult to remove. 

SUMMARY OF THE INVENTION 

[0008] The present invention overcomes these problems 
by providing spin-applied, photosensitive coating systems 
that replace prior art masks or protective coatings, and that 
eliminate the need for additional photoresists in the system. 
The inventive systems protect device features from corro 
sion and other forms of attack during deep-etching processes 
that utiliZe concentrated aqueous bases. 
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[0009] The invention provides a photosensitive composi 
tion useful as a protective layer. The composition comprises 
a polymer and a photoacid generator, and the polymer 
comprises styrene-containing monomers, acrylonitrile-con 
taining monomers, and epoxy-containing monomers. The 
invention also provides methods of using these photosensi 
tive compositions in conjunction With a primer layer to form 
microelectronic structures. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0010] In more detail, these systems comprise a primer 
layer that is applied to a microelectronic substrate surface, 
and a photosensitive layer that is applied to the primer layer. 

Primer Layer 

[0011] Preferred primer layers are formed from primer 
layer compositions including a silane dispersed or dissolved 
in a solvent system. Aromatic and organo silanes are par 

ticularly preferred silanes for use in the primer layers of the 
invention. Furthermore, it is preferred that the silane include 
at least one (and more preferably 2-3) group per mole of 
compound, or per repeat unit of polymer, that reacts With 
epoxy groups to form covalent bonds so that adhesion to a 

silicon substrate is very strong. One preferred such group is 
an amine group. 

[0012] Preferred silanes include aminoalkoxysilanes, pref 
erably from about C1 to about C8 alkoxys, more preferably 
from about C1 to about C4 alkoxys, and even more prefer 
ably from about C1 to about C3 alkoxys. Even more prefer 
ably, the aminoalkoxysilane is an aminoalkylalkoxysilane, 
preferably from about C 1 to about C8 alkyls, more preferably 
from about Clto about C4 alkyls, and even more preferably 
from about C1 to about C3 alkyls. Phenylaminoalkylalkox 
ysilanes are also preferred. Some examples of the foregoing 
include aminopropyltrimethoxysilane, aminiopropyltri 
ethoxysilane, N-phenylaminopropyltrimethoxysilane, 
N-phenylaminopropyltriethoxysilane, 3-glycidoxpropyltri 
methoxysilane, 2-(3,4-epoxycyclohexyl)ethyltri 
methoxysilane, and 3-mercaptopropyl-trimethoxysilane. 

[0013] Other preferred silanes include phenylsilanes such 
as phenyltrimethoxysilane, phenyltrichlorosilane, phenyltri 
ethoxysilane, phenyltriacetoxysilane, and diphenylsilanes 
such as diphenyldimethoxysilane, diphenyldichlorosilane, 
and diphenylsilanediol. The most preferred silanes include 
2-phenylethyltrialkoxysilane p/m-chlorophenyltrimethox 
ysilane, p/m-bromophenyltrimethoxysilane, (pim-chlorom 
ethyl)phenyltrimethoxysilanie 2-(p/m-methoxy)phenyleth 
yltrimethoxysilane, 2-(p/m 
chloromethyl)phenylethyltrimethoxysilane, 3,4 
dichlorophenyltnichlorosilane, 
3 -phenoxypropyltrichloro silane, 3 -(N-phenylamino)propy 
ltnimethoxysilane, and 2-(diphenylphosphino)ethyltri 
ethoxysilane. 



US 2007/0075309 A1 

[0014] Some preferred silanes for use in the present inven 
tion can also be represented by the general formula 

A\ I/Bk, 
S1 

X3-k 
Where: 

R4 R4 

i 5 5 4. 

A’ -[-('R ‘)TfY‘lJ-—['%‘li—('R d R, 
R6 

R4 R4 
R4 R4 

i 5 4. Bi —[-(—R d R, 

R4 R4 

Wherein: 

[0015] each of i, j, and k is individually selected from 
the group consisting of 0 and 1, and if one of i and j is 
1, then the other ofi andj is 0; 

[0016] each R4 is individually selected from the group 
consisting of hydrogen, the halogens, C 1 -C8 (preferably 
C1-C4) alkyls, Cl-(C (preferably C1-C4) alkoxys, Cl-C8 
(preferably C1-C4) haloalkyls, aminos, and C l-C8 
(preferably C 1 -C4) alkylaminos; 

[0017] each R5 is individually selected from the group 
consisting of Cl-C8 (preferably C1-C4) aliphatic 
groups; 

[0018] each R6 is individually selected from the group 
consisting of hydrogen and haloalkyls (preferably 
C1-C8, more preferably C1-C4); 

[0019] each X is individually selected from the group 
consisting of halogens, hydroxyls, Cl-C4 alkoxys and 
Cl-C4 carboxyls; 

[0020] Y is selected from the group consisting of oxy 
gen and sulfur; 

[0021] Z is selected from the group consisting of nitro 
gen and phosphorus; and 

[0022] each d is individually selected from the group 
consisting of 0 and 1. 

[0023] An effective primer layer composition according 
to the invention is a mixture of a diphenyidialkoxysi 
lane (e.g., diphenyldimethoxysilane) and a phenyltri 
alkoxysilane, (e.g., phenyltrimethoxysilane) or, even 
more preferably, a mixture of diphenylsilanediol and 
phenyltrimethoxysilane in a solution of 1 -methoxy-2 
propanol or 1-propoxy-2-propanol With from about 
5-10% by Weight Water. A particularly effective primer 
layer composition for photosensitive layers comprising 
a poly(styrene-co-acrylonitrile) polymer is an alcohol 
and Water solution containing from about 0.1 -t1.0% 
(preferably from about 0.25-0.5%) by Weight diphe 
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nylsilanediol and from about 0.1-1.0% (preferably 
from about 0.25-0.5%) by Weight of phenyltrimethox 
ysilane. Upon heating, diphenylsilanediol and phenyl 
silanetriol (the hydrolysis product of phenyltrimethox 
ysilane) condense to from siloxane bonds and establish 
a three-dimensional silicone coating layer on the sub 
strate. 

[0024] Another preferred silane has the formula 

R7 R7 

Wherein: 

[0025] each R7 is individually selected from the group 
consisting of hydrogen, the halogens, C 1 -C8 (preferably 
C1-C4) alkyls, Cl-C, (preferably C1-C4) alkoxys, Cl-C, 
(preferably C1-C4) haloalkyls, aminos, and Cl-C8 
(preferably C1-C4) alkylaminos; and 

[0026] each R8 is individually selected from the group 
consisting of Cl-C8 (preferably C1-C4) aliphatic 
groups. 

[0027] Silanes having this structure are not only compat 
ible With styrene-containing copolymers, but they are also 
reactive With ester, benZyl chloride, and/or epoxy groups, 
and they are excellent adhesion promoters. One particularly 
preferred silane Within the scope of this formula is 

[0028] This silane is 3-[N-phenylamino]propyltrimetliox 
ysilane (mentioned above), and it is commercially available 
from Lancaster Synthesis and Gelest Corporation, 

[0029] The silane should be included in the primer layer 
composition at a level of from about 0.1% to about 3% by 
Weight, preferably from about 0.2% to about 2% by Weight, 
and even more preferably from about 0.5% to about 1% by 
Weight, based upon the total Weight of solids in the primer 
layer composition taken as 100% by Weight 

[0030] The solvent system utiliZed in the primer layer 
composition should have a boiling point of from about 100° 
C. to about 220° C., and preferably from about 140° C. to 
about 180° C. The solvent system should be utiliZed at a 
level of from about 30% to about 99.9% by Weight, and 
preferably from about 40% to about 80% by Weight, based 
upon the total Weight of the primer layer composition taken 
as 100% by Weight. Preferred solvent systems include a 
solvent selected from the group consisting of methanol, 
ethanol, isopropanol, butanol, 1-methoxy-2-propanol, eth 
ylene glycol monomethyl ether, and 1-propoxy-2-propanol, 
and mixtures thereof. In one preferred embodiment, Water is 
included in the solvent system at a level of from about 20% 
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to about 60% by Weight, and preferably from about 20% to 
about 40% by Weight, based upon the total Weight of the 
primer layer composition taken as 100% by Weight. 

[0031] The primer layer composition can also include a 
catalyst. Suitable catalysts include any inorganic or organic 
acid (e.g., hydrochloric acid, sulfuric acid, phosphoric acid, 
acetic acid) or an inorganic or organic base (e.g., potassium 
hydroxide, TMAH, ammonia, amines). The catalyst is pref 
erably present in the primer layer composition at levels of 
from about 0.01% to about 0.5% by Weight, more preferably 
from about 0.1% to about 0.3% by Weight, and even more 
preferably from about 0.02% to about 0.03% by Weight, 
based upon the total Weight of solids in the primer layer 
composition taken as 100% by Weight. 

[0032] Finally, the primer layer can also include a number 
of optional ingredients, such as a surfactant. In one embodi 

ment, from about 100 ppm to about 150 ppm of a surfactant 
such as PC4430 (available from 3M) or Triton X-100 
(available from 3M) can be added to make a uniform primer 
coating that is defect-free. 

The Photo sensitive Layer 

[0033] The photosensitive layer is formed from a compo 
sition comprising a polymer dispersed or dissolved in a 
solvent system. A preferred polymer is a terpolymer com 
prising recurring: styrene monomers; acrylonitrile mono 
mers; and monomers comprising functional groups that react 
With amines. 

[0034] Preferred styrene monomers have the formula 

(I) 

[0035] Preferred acrylonitrile monomers have the formula 

(H) 

[0036] Preferred monomers comprising functional groups 
for reacting With amines include monomers comprising one 
or more epoxy groups (e.g., glycidyl methacrylate, glycidyl 
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acrylate, vinylbenZoyl glycidyl ether). One example is rep 
resented by the formula 

(III) 

[0037] 
[0038] each R1 is individually selected from the 

group consisting of hydrogen and Cl-C8 (and pref 
erably C1-C4) alkyls; and 

[0039] each R2 is individually selected from the 
group consisting of hydrogen, Cl-C8 (and preferably 
C1-C4) alkyls, and Cl-C8 (and preferably C1-C4) 
alkoxys. 

In each of the above formulas (l)-(lll): 

[0040] The polymer preferably comprises from about 35% 
to about 75% by Weight of monomer (I), more preferably 
from about 40% to about 70% by Weight of monomer (I), 
and even more preferably from about 50% to about 65% by 
Weight of monomer (I). The polymer preferably comprises 
from about 20% to about 40% by Weight of monomer (II), 
more preferably from about 25% to about 35% by Weight of 
monomer (II), and even more preferably from about 25% to 
about 30% by Weight of monomer (11). Finally, the polymer 
preferably comprises from about 5% to about 15% by 
Weight of monomer (111), more preferably from about 6% to 
about 12% by Weight of monomer (Ill), and even more 
preferably from about 8% to about 10% by Weight of 
monomer (111). Each of the above percentages by Weight is 
based upon the total Weight of the polymer taken as 100% 
by Weight. 
[0041] It is preferred that the polymer have a Weight 
average molecular Weight of from about 10,000 Daltons to 
about 80,000 Daltons, preferably from about 20,000 Daltons 
to about 60,000 Daltons, and even more preferably from 
about 30,000 Daltons to about 50,000 Daltons. 

[0042] Monomers other than monomers (I), (H), and (111) 
can also be present in the polymer, if desired. When other 
monomers are present, the combined Weight of monomers 
(I), (H), and (III) in the polymer is preferably at least about 
60% by Weight, and more preferably from about 70% to 
about 90% by Weight, based upon the total Weight of the 
polymer taken as 100% by Weight. Examples of suitable 
other monomers include those having functional groups that 
can react With groups in the primer layer for achieving 
chemical bonding betWeen the tWo layers. These monomers 
may have, by Way of example, haloalkyl (e.g., benZyl 
chloride, 2-chloroethyl methacrylate), ester (methacrylates, 
acrylates, maleates, fumarates, isocyanates), or anhydride 
functional groups, Which react readily With functional 
groups such as hydroxyl, amino, or oxiranyl groups that can 
be present in the primer layer. 
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[0043] The polymer should be included in the photosen 
sitive layer composition at a level of from about 90% to 
about 98% by Weight, and preferably from about 90% to 
about 95% by Weight, based upon the total Weight of solids 
in the photosensitive layer composition taken as 100% by 
Weight. 
[0044] The photosensitive composition Will also comprise 
a photoacid generator (PAG). The PAG generates a strong 
acid or superacid When exposed to actinic radiation such as 
UV light. Examples of suitable PAGs include those selected 
from the group consisting of triarylsulfonium hexa?uoro 
antimonate, tiylsulfonluim hexa?uorophosphate, diaryliodo 
nium hexa?uoroantimonate, diaryliodonium hexa?uoro 
phosphate, 

Where each R3 is individually selected from the group 
consisting of C3H7, C8Hl7, CH3C6H4, and camphor. The 
PAGs of formulas (IV) and (V) are sold by Ciba Specialty 
Chemicals as The CGl 13XX Family and The CGl 26X 
Family, respectively. 
[0045] The PAG should be included in the photosensitive 
composition at a level of from about 2% to about 10% by 
Weight, and preferably from about 5% to about 8% by 
Weight, based upon the total Weight of solids in the photo 
sensitive composition taken as 100% by Weight. 

[0046] The solvent system utiliZed in the photosensitive 
composition should have a boiling point of from about 120° 
C. to about 200° C., and preferably from about 130° C. to 
about 180° C. The solvent system should be utiliZed at a 
level of from about 70% to about 95% by Weight, and 
preferably from about 80% to about 90% by Weight, based 
upon the total Weight of the photosensitive composition 
taken as 100% by Weight. Preferred solvent systems include 
a solvent selected from the group consisting of methyl 
isoamyl ketone, di(ethylene glycol) dimethyl ether, propy 
lene glycol monomethyl ether acetate, ethyl lactate, cyclo 
hexanone, and mixtures thereof. 

Application Process 

[0047] Preferred substrates for use in this process include 
those comprising silicon. Some particularly preferred sub 
strates are selected from the group consisting of Si sub 
strates, SiO2 substrates, Si3N4 substrates, SiO2 on silicon 
substrates, Si3N4 on silicon substrates, glass substrates, 
quartz substrates, ceramic substrates, semiconductor sub 
strates, and metal substrates. 
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[0048] The silane and any other components are dissolved 
in the primer solvent system to form the silane composition. 
This composition is then spin-applied onto the substrate at 
about 500-5,000 rpm, and preferably from about 1000-3,000 
rpm, for about 30-90 seconds, and preferably for about 60 
seconds. It is then baked at a temperature of from about 
60-110° C. for about 60-180 seconds (preferably about 120 
seconds), and then at about 150-250° C. for about 60-180 
seconds (preferably about 120 seconds) in order to condense 
the silane molecules into a continuous ?lm that is bonded to 
surface hydroxyl groups present on typical microelectronic 
substrates. That is, the hydrolyZed silane reacts With the 
silanol groups present in the silicon-containing substrate and 
also self-crosslinks by condensation. It is preferred that the 
primer layer have an average thickness (as measured by an 
ellipsometer over 5 different points) of less than about 50 nm 
and more preferably from about 20 nm to about 30 nm. 

[0049] For the photosensitive layer, the polymer, PAG, 
and any other components are dissolved in the solvent 
system and spin coated onto the substrate at about 1,000-5, 
000 rpm, and preferably from about 1,000-2,000 rpm, for 
about 30-90 seconds, and preferably about 60 seconds. It is 
then baked at a temperature of from about 100-120° C. for 
about 60-180 seconds (preferably about 120 seconds). The 
polymer solids level and spinning conditions are typically 
adjusted to achieve an average coating thickness after bak 
ing (as measured by an ellipsometer over 5 different points) 
of from about 500 nm to about 3,000 nm, and preferably 
from about 1,000 nm to about 2,000 nm, depending upon the 
degree of coverage required over device topography on the 
substrate. Advantageously, the epoxy or other reactive group 
in the photosensitive layer polymer form covalent bonds 
With an amine or other reactive group on the silane of the 
primer layer. 

[0050] The photosensitive layer is then imaged by expos 
ing it to UV light With a Wavelength of from about 150-500 
nm (e.g., about 248 nm or about 365 nm), preferably in a 
dose of about 500 mJ/cm2. The coating is then preferably 
post-exposure baked at about 110° C. to about 30° C. for 
about 2 minutes, and developed With a solvent for about 1 
minute. Finally, the coating is baked at about 200° C. to 
about 250° C. for about 5 minutes. 

[0051] Exposure to light causes the PAG to generate an 
acid, and this acid initiates crosslinking of the polymer 
(preferably via the epoxy groups) in the photosensitive layer. 
The crossliniked epoxy groups Will have the structure 

[0052] The exposed areas become substantially insoluble 
(e.g., less than about 1% by Weight soluble, preferably less 
than about 0.05% soluble, and more preferably about 0% 
soluble) in typical solvent developers such as propylene 
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glycol monomethyl ether acetate, methyl isoamyl ketone, 
and ethyl acetoacetate. The unexposed areas remain soluble 
in these developers and are thus readily removed during 
developing. As a result, the pattern can be easily transferred 
With no additional etching steps to remove the protective 
layer being needed. 

[0053] Practicing the present invention Will result in a 
protective layer system that suffers little or no undercutting 
during etching processes. That is, the layer systems Will 
exhibit less than about 100 um, preferably less than about 70 
um, and more preferably less than about 50 pm of under 
cutting When subjected for about 2 hours (or even about 3 
hours) to etching in an approximately 30-35% by Weight 
aqueous KOH solution having a temperature of about 83-87° 
C. Undercutting is determined by measuring the Width of 
overhanging protective layer at the edge of etched areas as 
observed under a confocal microscope. 5 Furthermore, the 
inventive protective systems Will experience very little or no 
etchant penetration during etching processes. Thus, When 
subjected for about 2 hours (or even about 3 hours) to 
etching in an approximately 30-35% by Weight aqueous 
KOH solution having a temperature of about 83-87 ° C., the 
inventive protective systems Will have less than about 0.1 
pinholes per cm2 of substrate, and preferably less than about 
0.05 pinholes per cm2 of substrate, When observed under a 
microscope at 10x magni?cation. This is different from prior 
art photosensitive layers, Which Would dissolve relatively 
quickly in KOH and thus required the presence of a separate 
protective layer such as a silicon nitride layer. 

EXAMPLES 

[0054] The folloWing examples set forth preferred meth 
ods in accordance With the invention. It is to be understood, 
hoWever, that these examples are provided by Way of 
illustration and nothing therein should be taken as a limita 
tion upon the overall scope of the invention. 

Example 1 

1. Terpolymer Synthesis in Cyclopentanone 

[0055] A solution Was made by dissolving 67.50 g of 
styrene, 25.00 g of acrylonitrile, 7.50 g of glycidyl meth 
acrylate, and 1.25 g of 2,2'-aZobisisobutyronitrile in 400 g of 
cyclopentanone, all of Which Were obtained from Aldrich. 
The solution Was heated to 65° C. under nitrogen While 
undergoing magnetic stirring. The polymerization Was 
alloWed to proceed at 65° C. for 98 hours. The actual yield 
Was determined by solids analysis to be 97% of the theo 
retical yield. 

2. Topcoat Solution Formulation 

[0056] In this preparation procedure, 25.01 g of propylene 
glycol methyl ether acetate (PGMEA, General Chemical) 
and 1.03 g of UVl-6976 (a triarylsulfonium hexa?uoroan 
timonate; a photoacid generator obtained from DoW Chemi 
cal) Were added to 50.03 g of the terpolymer solution 
synthesiZed in Part 1 of this Example. The resulting solution 
Was ?ltered through a 0.1-um membrane ?lter. 

3. Primer Solution Formulation 

[0057] To make a primer solution, 1.02 g of N-phenylami 
nopropyltrimethoxysilane (obtained from Gelest) Were dis 
solved in a mixture of 120.4 g of propylene glycol propyl 

Apr. 5, 2007 

ether (obtained from General Chemical) and 80.2 g of 
deioniZed Water. The solution Was ?ltered through a 0.1-um 
membrane ?lter. 

4. Preparation and Patterning of Negative Photoresist Coat 
ing 
[0058] The primer solution in Part 3 of this Example Was 
spin coated onto a silicon Wafer at 1,500 rpm for 1 minute. 
The primer coating Was baked at 75° C. for 2 minutes and 
then at 180° C. for 2 minutes. The topcoat solution of Part 
2 of this Example Was then spin coated over the primer layer 
at 1,500 rpm for 1 minute. The topcoat Was baked at 100° C. 
for 2 minutes. The coating Was imaged by exposing it to UV 
light at 2)0 a Wavelength of365 nm in a dose of 500 mJ/cm2, 
baking at 130° C. for 2 minutes, and developing With 
acetone for 1 minute. Finally, the combination Was baked at 
230° C. for 5 minutes. A negative pattern Was obtained. 

5. Etching of Silicon Wafer 

[0059] The Wafer prepared and patterned in Part 4 of this 
Example Was etched in 30% KOH aqueous solution at 85° 
C. for 1 hour. The silicon Was etched 70 um deep in areas 
Without the polymer coating. The polymer-coated areas 
remained intact. The pattern Was transferred to the silicon 
Wafer in essentially the same manner as is the case With prior 
art silicon nitride masking methods. 

Example 2 

l. Terpolymer Synthesis in PGMEA 

[0060] A solution Was made by dissolving 27.07 g of 
styrene, 10.00 g of acrylonitrile, 3.08 g of glycidyl meth 
acrylate, and 0.51 g of dicumyl peroxide (obtained from 
Aldrich) in 160 g of PGMEA. The solution Was heated to 
120° C. under nitrogen While undergoing magnetic stirring. 
The polymerization Was alloWed to proceed at 120° C. for 24 
hours. The actual yield Was determined by solids analysis to 
be 95.5% of the theoretical yield. 

2. Topcoat Solution Formulation 

[0061] In this preparation procedure, 4.54 g of PGMEA 
and 0.114 g of UVl-6976 Were added to 5.03 g of the 
terpolymer solution synthesiZed in Part 1 of this Example. 
The solution Was ?ltered through a 0.1 pm membrane ?lter. 

3. Preparation and Patterning of Negative Photoresist Coat 
ing 

[0062] The primer solution of Part 2 of Example 1 Was 
spin coated onto a silicon Wafer at 1,500 rpm for 1 minute. 
The primer coating Was baked at 60° C. for 5 minutes and 
at 180° C. for 2 minutes. The topcoat solution from Part 2 
of this Example Was then spin coated onto the Wafer at 1,500 
rpm for 1 minute. The topcoat Was baked at 100° C. for 2 
minutes. After the coating Was imaged by exposing it to UV 
light at 254 nm in a dose of 500 mJ/cm2, it Was baked at 130° 
C. for 2 minutes and then developed With PGMEA for 1 
minute. The coating Was ?nally baked at 230 ° C. for 5 
minutes. A negative pattern Was obtained. 

4. Etching of Silicon Wafer 

[0063] The Wafer prepared and patterned in Part 3 of this 
Example Was etched in 30% KOH aqueous solution at 80° 
C. for 1 hour. The silicon Was etched 58 um deep in the areas 
Without the polymer coating. The polymer-coated areas 
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remained intact The pattern Was transferred to the silicon 
Wafer in essentially the same Way as With prior art silicon 
nitride masking methods. 

Example 3 
1. Terpolymer Synthesis in PGMEA 

[0064] A solution Was made by dissolving 168.0 g of 
styrene, 84.0 g of acrylonitrile, 28.3 g of glycidyl methacry 
late, and 7.0 g of dicumyl peroxide in 1,120 g of PGMEA. 
The solution Was heated to 120° C. under nitrogen While 

undergoing magnetic stirring. The polymerization Was 
alloWed to proceed at 120° C. for 28 hours. The actual yield 
Was found by solid analysis to be 97.5% of the theoretical. 
The terpolymer Was precipitated in isopropanol, ?ltered, and 
dried overnight under vacuum at 50° C. 

2. Topcoat Solution Formulation 

[0065] In this preparation procedure, 32.8 g of the terpoly 
mer synthesiZed in Part 1 of this Example Were dissolved in 

140.0 g of PGMEA and 40.0 g of ethyl acetylacetate. Next, 
6.0 g of UVl-6976 Were added, and the solution Was ?ltered 

through a 0.1-p.m membrane ?lter. 

3. Primer Solution Formulation 

[0066] To prepare a primer solution, 2,04 g of N-pheny 
laminopropyltrimethoxysilane Were dissolved in a mixture 

of 77.50 g of propylene glycol propyl ether (PnP), 120.14 g 
of deioniZed Water, 0.51 g of acetic acid, and 0.03 g of 
FC4430 (a surfactant). The solution Was stirred magnetically 
for more than 2 hours. It Was ?ltered through a 0.1-p.m 

membrane ?lter. 

4. Preparation and Patterning of Negative Photoresist Coat 
mg 

[0067] The primer solution prepared in Part 3 of this 
Example Was spin coated onto a silicon Wafer at 1,500 rpm 
for 1 minute. The primer coating Was baked at 100° C. for 
1 minute and then at 205 ° C. for 1 minute. The topcoat 

solution from Part 2 of this Example Was spin coated over 

the primer layer at 1,500 rpm for 1 minute. The topcoat Was 
baked at 110° C. for 2 minutes. The coating Was imaged by 
exposing it to UV light at a Wavelength of 365 nm in a dose 

of 500 mJ/cm2, baking at 130 ° C. for 2 minutes, and 
developing With PGMEA for 1 minute. Finally, the combi 
nation Was baked at 230° C. for 5 minutes. A negative 

pattern Was obtained. 

5. Etching of Silicon Wafer 

[0068] The Wafer prepared and patterned in Part 4 of this 
Example Was etched in 30% KOH aqueous solution at 75° 

C. for 4 hours. The silicon Was etched 178 um deep in the 
areas Without the polymer coating. The polymer-coated area 
remained intact. The pattern Was transferred to the silicon 

Wafer in essentially the same manner as prior art silicon 

nitride masking methods. 

We claim: 
1. A photosensitive composition useful as a protective 

layer, said composition comprising a polymer and a photo 
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acid generator dissolved or dispersed in a solvent system, 
said polymer comprising: 

(1) 

(111) a monomer comprising at least one epoxy group, 

Wherein in (l) and (11): 

each R1 is individually selected from the group 
consisting of hydrogen and Cl-C8 alkyls; and 

each R2 is individually selected from the group 
consisting of hydrogen, Cl-C8 alkyls, and Cl-C8 
alkoxys. 

2. The composition of claim 1, Wherein said monomer 
(III) is selected from the group consisting of glycidyl 
methacrylate, glycidyl acrylate, and vinylbenZyl glycidyl 
ether monomers. 

3. The composition of claim 1, Wherein said monomer 
(III) has the formula 

R1 R1 

444+ . 
0:0 iv 

0 

wherein each R1 is individually selected from the group 
consisting of hydrogen and Cl-C8 alkyls. 

4. The composition of claim 1, Wherein said photoacid 
generator is selected from the group consisting of triaryl 
sulfonium hexa?uoroantimonate, triarylsulfonium 
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heXa?uoro-phosphate, diaryliodonium hexa?uoroanti 
monate, diaryliodonium hexa?uorophosphate, 

/ 

N—O—S—R3, and 

s 

N 

(V) 

o o 

R3 g o o g R3 
u ‘N N’ u ’ 
o o 

F F 

F F F F 
o/\/\o 

wherein each R3 is individually selected from the group 
consisting of C3H7, CSHU, CH3C6H4, and camphor. 

5. The composition of claim 1, Wherein said polymer 
comprises from about 35% to about 75% by Weight of (I), 
from about 20% to about 40% by Weight of (H), and from 
about 5% to about 15% by Weight of (III), based upon the 
total Weight of the polymer taken as 100% by Weight. 

6. A method of forming a microelectronic structure, said 
method comprising: 

providing a microelectronic substrate; 

applying a primer layer to said substrate, said primer layer 
comprising a silane dispersed or dissolved in a solvent 
system; 

applying a photosensitive layer to said primer layer, said 
photosensitive layer comprising a photoacid generator 
and a polymer dispersed or dissolved in a solvent 
system, said polymer comprising: 

(1) 
R1 1 

l l 

R1 R2 R2 

R2 R2; 

R2 
(11) 

R1 R1 
| | 
C—C ; and 

I | 
R1 C 

III 
N 
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(III) a monomer comprising at least one epoxy group, 

Wherein in (I) and (II): 

each R1 is individually selected from the group 
consisting of hydrogen and Cl-C8 alkyls; and 

each R2 is individually selected from the group 
consisting of hydrogen, C l-C8 alkyls, and Cl-C8 
alkoxys. 

7. The method of claim 6, Wherein said monomer (III) is 
selected from the group consisting of glycidyl methacrylate, 
glycidyl acrylate, and vinylbenZyl glycidyl ether monomers. 

8. The method of claim 6, Wherein said monomer (III) has 
the formula 

wherein each R1 is individually selected from the group 
consisting of hydrogen and Cl-C8 alkyls. 

9. The method of claim 6, Wherein said photoacid gen 
erator is selected from the group consisting of triarylsulfo 
nium hexa?uoroantimonate, triarylsulfonium hexa?uoro 
phosphate, diaryliodonium hexa?uoroantimonate, 
diaryliodonium hexa?uorophosphate, 

0 
/ || 

N—O—?—R3, and 
S o 

N 

(V) 

o o 

R3 g o o g R3 
u ‘N N’ u ’ 
o o 

F F 

F F F F 
0M0 

Wherein each R3 is individually selected from the group 
consisting of C3H7, CSHU, CH3C6H4, and camphor. 

10. The method of claim 6, Wherein said polymer com 
prises from about 35% to about 75% by Weight of (I), from 
about 20% to about 40% by Weight of (II), and from about 
5% to about 15% by Weight of (111), based upon the total 
Weight of the polymer taken as 100% by Weight. 
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11. The method of claim 6, wherein said silane having a 
formula selected from the group consisting of 

(VI) 

each of i, j, and k is individually selected from the 
group consisting of 0 and l, and if one of i and j is 
1, then the other ofi andj is 0; 

each R4 is individually selected from the group con 
sisting of hydrogen, the halogens, Cl-C8 alkyls, 
C -C8 alkoxys, Cl-C8 haloalkyls, aminos, and Cl-C8 

l 

alkylaminos; 
each R5 is individually selected from the group con 

sisting of Cl-C8 aliphatic groups; 

each R6 is individually selected from the group con 
sisting of hydrogen and haloalkyls; 

each X is individually selected from the group consist 
ing of halogens, hydroxyls, C l-C4 alkoxys and C l-C4 
carboxyls; 

Y is selected from the group consisting of oxygen and 
sulfur; 

Z is selected from the group consisting of nitrogen and 
phosphorus; and each d is individually selected from 
the group consisting of 0 and l; and 

(vii) 
R7 R7 

Wherein: 

each R7 is individually selected from the group con 
sisting of hydrogen, the halogens, Cl-C8 alkyls, 
Cl-C8 alkoxys, Cl-C8 haloalkyls, aminos, and Cl-C8 
alkylaminos; and 
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each R8 is individually selected from the group con 
sisting of Cl-C8 aliphatic groups. 

12. The method of claim 6, said silane being selected from 
the group consisting of aminoalkoxysilanes, phenylsilanes, 
and diphenylsilanes. 

13. The method of claim 12, Wherein said silane is 
selected from the group consisting of aminoalkylalkoxysi 
lanes and phenylaminoalkylalkoxysilanes. 

14. The method of claim 12, Wherein said silane is 
selected from the group consisting of aminopropyltri 
methoxysilane, aminopropyltriethoxysilane, N-phenylami 
nopropyltrimethoxysilane, N-phenylaminopropyltriethox 
ysilane, 3-glycidoxypropyltrimethoxysilane, 2-(3,4 
epoxycycohexyl)ethyltrimethloxysilane, 3-mercaptopropyl 
trimethoxysilane, phenyltrinmethoxysilane, 
phenyltrichlorosilane, phenyltriethoxysilane, phenyltriac 
etoxysilaile, dliphenyldimethoxysilane, diphenyldichlorosi 
lane, diphenylsilanediol 2-phenylethyltrialkoxysilane, p/m 
chlorophelnyltrimethoxysilane, p/m 
bromophenyltrimethoxysilanie, (p/m 
chloromethyl)phenyltrimethoxysilane, 2-(p/m 
metlhoxy)phenylethyltlrmethoxysilaine, 2-(p/m-ch 
oromethyl)phelyletlhyltrimethoxysilane, 3,4-dichlorophe 
nyltrichlorosilane, 3-phenoxypropyltrichiorosilaine, 3-(N 
phenylamino)propyltrimethoxysilane, and 2-(diphenylpl 
hosphino)ethyltriethoxysilane. 

15. The method of claim 6, further comprising baking said 
primer layer after said primer layer applying. 

16. The method of claim 15, Wherein said primer layer 
further comprises a catalyst, and said primer layer baking 
results in crosslinking of said silane. 

17. The method of claim 6, further comprising baking said 
photosensitive layer after said photosensitive layer applying. 

18. The method of claim 17, Wherein said baking causes 
the polymer of said photosensitive layer to covalently bond 
With the silane of said primer layer. 

19. The method of claim 6, further comprising exposing 
a ?rst portion of said photosensitive layer to actinic radiation 
While a second portion of said photosensitive layer is not 
exposed to actinic radiation. 

20. The method of claim 19, Wherein said ?rst portion of 
said photosensitive layer crosslinks during said exposing. 

21. The method of claim 20, further comprising baking 
said photosensitive layer after said exposing to actinic 
radiation. 

22. The method of claim 20, further comprising develop 
ing said photosensitive layer. 

23. The method of claim 22, Wherein said developing 
results in the second portion of said photosensitive layer 
being substantially removed during said developing step so 
as to form a stack including a photosensitive layer having a 
pattern formed therein. 

24. The method of claim 23, further comprising baking 
said photosensitive layer after said developing. 

25. The method of claim 23, further comprising etching 
said stack With KOH so as to transfer the pattern of said 
photosensitive layer to said substrate. 

26. The method of claim 25, Wherein said photosensitive 
layer exhibits less than about 100 pm of undercutting during 
etching. 

27. The method of claim 25, Wherein said photosensitive 
layer exhibits less than about 0.1 pinholes per cm2 of 
substrate. 
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28. The method of claim 6, wherein said substrate is 
selected from the group consisting of Si substrates, SiO2 
substrates, Si3N4 substrates, SiO2 on silicon substrates, 
SigN4 on silicon substrates, glass substrates, quartz sub 
strates, ceramic substrates, semiconductor substrates, and 
metal substrates. 

29. A microelectronic structure comprising: 

a microelectronic substrate; 

a primer layer adjacent said substrate, said primer layer 
comprising a crosslinked silane; 

a photosensitive layer adjacent said primer layer, said 
photosensitive layer comprising a polymer comprising: 

(1) 

(III) a monomer comprising at least one crosslinked 
epoxy group, 

Wherein in (I) and (H): 

each R1 is individually selected from the group 
consisting of hydrogen and Cl-C8 alkyls; and 

each R2 is individually selected from the group 
consisting of hydrogen, C l-C8 alkyls, and Cl-C8 
alkoxys. 

30. The microelectronic structure of claim 29, Wherein 
said crosslinked epoxy group comprises 
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31. The microelectronic structure of claim 29, Wherein 
said silane comprises an amine, and the polymer of said 
photosensitive layer comprises an epoxy group covalently 
bonded With said amine. 

32. The microelectronic structure of claim 29, Wherein 
said polymer comprises from about 35% to about 75% by 
Weight of (I), from about 20% to about 40% by Weight of 
(II), and from about 5% to about 15% by Weight of (II), 
based upon the total Weight of the polymer taken as 100% 
by Weight. 

33. The microelectronic structure of claim 29, said silane 
having a formula selected from the group consisting of 

(VI) 

each of i, j, and k is individually selected from the 
group consisting of 0 and l, and if one of i and j is 
1, then the other ofi andj is 0; 

each R4 is individually selected from the group con 
sisting of hydrogen, the halogens, Cl-C8 alkyls, 
Cl-C8 alkoxys, Cl-C8 haloalkyls, aminos, and Cl-C8 
alkylaminos; 

each R5 is individually selected from the group con 
sisting of Cl-C8 aliphatic groups; 

each R6 is individually selected from the group con 
sisting of hydrogen and haloalkyls; 

each X is individually selected from the group consist 
ing of halogens, hydroxyls, C l-C4 alkoxys and C l-C4 
carboxyls; 

Y is selected from the group consisting of oxygen and 
sulfur; 

Z is selected from the group consisting of nitrogen and 
phosphorus; and 

each d is individually selected from the group consist 
ing of 0 and l; and 
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(v11) 
R7 R7 

wherein: 

each R7 is individually selected from the group con 
sisting of hydrogen, the halogens, Cl-C8 alkyls, 
Cl-C8 alkoxys, C1-C8, haloalkyls, aminos, and Cl-C8 
alkylaminos; and 

each R8 is individually selected from the group con 
sisting of Cl-C8 aliphatic groups. 

34. The microelectronic structure of claim 29, said silane 
being selected from the group consisting of aminoalkoxysi 
lanes, phenylsilanes, and diphenylsilanes. 

35. The microelectronic structure of claim 34, Wherein 
said silane is selected from the group consisting of ami 
noalkylalkoxysilane and phenylaminoalkylalkoxysilanes. 

36. The microelectronic structure of claim 34, Wherein 
said silane is selected from the group consisting of amino 
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propyltrimethoxysilane, aminopropyltriethoxysilane, 
N-phenylaminopropyltrimethoxysilane, N-phenylaminopro 
pyltriethoxysilane, 3-glycidoxypropyltrimethoxysilane, 
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 3-mereapto 
propyltrimethoxysilane, phenyltrimethoxysilane, phenyl 
trichlorosilane, phenyltriethoxysilanie, phenyltriacetoxysi 
lane, diphenyldimethoxysilane, diphenyldichlorosilane, 
diphenylsilanediol 2-phen-ylethyltrialkoxysilane, p/m-chlo 
rophenyltrimethoxysilane, p/m-bromophenyltrimethoxysi 
lane, (p/m-chloromethyl)phenyltrimliethoxysilane, 2-(p/m 
methoxy)phenylethyltrimethoxysilane, 2-(p/m 
chloromethyl)phenylethyltrimethoxysilane, 3,4 
dichlorophenyltrichlorosilane, 
3 -phenoxypropyltrichloro silane, 3 -(N-phenylamino)propyl - 
trimethoxysilane, and 2-(diphenylphosphino)ethyltri 
ethoxysilane. 

37. The microelectronic structure of claim 29, Wherein 
said substrate is selected from the group consisting of Si 
substrates, SiO2 substrates, Si3N4 substrates, SiO2 on silicon 
substrates, Si3N4 on silicon substrates, glass substrates, 
quartz substrates, ceramic substrates, semiconductor sub 
strates, and metal substrates. 


